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suuuy Abstract (UnARta)

Falasaniy mmsmLLa:miﬁﬂmqmauﬂ'@maaLsnaa’ iuiiiaiia Mesenchyme f'ldan

umbilical cord, Wharton’s jelly, Amnion, W&z Placenta lwnswaw lUidwaadlszan

(Isolation, Characterization and Neural Differentiation Potential of Mesenchymal

Stem Cells derived from umbilical cord, Wharton’s jelly. Amnion and Placenta)

Mesenchymal stem cell (MSCs) 3adutsanauniitasia Adult stem cell ﬁwuluvlmﬂs:gﬂ
$3UAY Hematopoietic stem cells (HSCs) MSC #d1w3udszanas 0.001-0.01% VoIS WInLTAR
ﬁ”'wmsluvl"ungﬂ (Pittenger, 1999) MSCs wsafiazihuagsoiuimwldainimass uas
sansnwakdunad ldnanuoiiaa it iwaanszgn (Pittenger, 1999; Quirici, 2002; Kern, 2006),
LTARNITNEat (Quirici,2002) LBa il (Pittentger, 1999; Quirici, 2002; Kern, 2006 Waz LOA
tazam (Kim, 2006) Jagtiusinain MSCs anlFlunistgndiesiuiu HSCs Taudnang utadi
MSCs sansatialinsg engraft Lf:aLéamad HSCs a“fu (Horwitz, 1999; Liechty, 2000; Fouillard,
2007) TINHIEITNNTOTILAANNIIAG Graft versus host disease (GVHD) lu;jﬂwﬁvlﬁ%'umiﬂgﬂ
dne'lanszandnedan (Le Blanck, 2003; Ringden, 2006) at1913fiaMun13usn MSCs ﬁrm"lmm:gml,ﬁa
ihinlglunslgndsananianugenndasldinscuazanudiung edwgiuszdasanzlanizgn
A3 61";slm@;f:miﬁnwnﬁam%%mmﬂn MSCs 9 Inunsasu gisfianudan

mnmsﬁnmﬁmumwudmaﬂﬁnﬂvlmm:gﬂﬁ]zlﬂmmdwaa MSC L&E98101501aN MSC
Ierannunasawleun iloifemuazae (umbilical cord) Wharton's jelly uas Lfwasameazaa
(umbilical vein) (Tondreau, 2005) MILEN MSC ANNLAEIAINANIRTaARaauTvN ldrzaIn
wazlidaaanzlonszgn 089 l35A MU TNNZLE L9 MSC 970 umbilical cord, Wharton's jelly,
Amnion, Wag Placenta ﬂ'@ﬁﬂtymmiﬂmﬁau nnoassiadng luUSumdeudrannn

uaﬂmnf:ms?iﬂmm%‘amﬁﬂuqmauﬂ'@maa MSC fuanldanunssing
AINaBINtasNN éhﬂm@li’: MINAIWIIDTNIUEN MSC 911 umbilical cord, Wharton's jelly,
Amnion, uaz Placenta TIuvsmsansil3ouiiay AuaNTAU09 MSC Auanld anunssnins?
nsluniamnumansalumudesn inswn usr anasantn wmaasyiawn i

(3 [ ' G 6 XK A o
L‘ﬁﬂﬂﬂiz(ﬂﬂ L‘ﬁﬂﬂﬂit@ﬂﬂau L‘ﬁﬂﬁ‘lﬂmu LR Lsﬁaaﬂ‘szmmawmmmﬂm
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mqﬂsxaaﬂmaafmams
Taguszasanaly
A = aa P Y - y .
LWBLENURZANEIA WRNLG VDI MSCs #11@a1n umbilical cord, Wharton’s jelly, Amnion,
e Placenta
[ 6
gilszasaanie
1. 1NaAN®ITNTUEN MSCs 71lea1n umbilical cord, Wharton's jelly, Amnion, L&
Placenta
2. L‘ﬁaﬁﬂw’mﬁmamaaﬂmaﬂmaqauuﬁuﬁumaﬁ (CD90, CD73, CD105, CD106) 184
MSCs Auenann umbilical cord, Wharton'’s jelly, Amnion, lLae Placenta WIsuisuny
MsCs lulanszgn
3. Lﬁ'aﬁﬂmmmmmmiumsﬁwmLﬂuLmaﬁTﬂi:@ﬂLLaszaﬁlmﬁu 299 MSCs NuLan’ber
31N umbilical cord, Wharton’s jelly, Amnion, LL8& Placenta WIsuipuny MScCs lwla
n3can
U
A » @ = & A 'Y .
4. L‘Waﬁﬂ‘lﬂ"lﬂ?’]wﬁ’lﬂd’]iﬂiuﬂ’liwwu’]L‘].]%L‘ITE\)R‘.I.J%’Z&’]‘Y]‘IJE]\‘l MSCs ‘Y]LLElﬂvL(ﬂ’fﬂ’]ﬂ umbilical
cord, Wharton'’s jelly, Amnion, L8z Placenta WIsusuny MSCs luvlﬂjﬂi:@ﬂ

NAaN1INAaI
1, ﬂm:;ﬁaﬁ'ﬂﬂsmum’mﬁwL%ﬁﬂuﬂ’mwﬂ MSCs 311 umbilical cord, Wharton’s jelly, Amnion, L&

Placenta

Hpialie umbilical cord, Wharton’s jelly, Amnion, LLaZ Placenta Aent single cell

2

#1833 enzyme digestion AR b single cell suspension 3% 5x107 LIRS ﬁ’]LGﬁaﬁﬁ‘lﬁngm
dalu 6-well plate 1%8’1%15L§UdLTﬂ§°ﬁﬁ@ Dulbecco's Modification of Eagle's Medium (DMEM)+10%
(vIv) Fetal bovine serum (FBS) laaivinn1s seed cell fiannamunusin 1.5x10° cellsiom’ W39 nLaH4
MNCs lotszanns 12 7% BenULTa s anBUeARIENIZENY (spindle-shaped cells) (Qﬂﬂﬁﬁmﬁao) LIRS
mﬁ@ﬁaaaﬁﬁﬂwm:ﬂaﬂmy' (aneTFLN) (gﬂﬁ' 1A) Tag spindle-shaped cells A lafansmelndids
U MSCs ﬁLLﬂﬂvL@i”ﬁnﬂvmezgﬂ (g‘ﬂ‘ﬁ 1B) ﬁv'\‘i spindle-shaped cells (gﬂﬂiﬁmﬁad) LAz osteoclast-

like cells (aNEATEU1?) 909835 19UALIATIEIMTWFUNIRAINT subculture 3 A33 (3N 2)
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JUN 1 AnvapedLEAsNLENIIN umbilical cord, Wharton's jelly, Amnion, LAz Placenta #&3n13
Wondunm 12 Tu (U A fdswea 100 1) 31 B usasansmzuas MSC Ausnldanly

nIzgn (3U B AR89y 200 L¥iN)
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Eﬂﬁ 2 ANWIALVDILTRANLENAIN umbilical cord, Wharton’s jelly, Amnion, Lz Placenta BRINT

woduaztind Il 3 passages

2. MSCs N&na l#ann umbilical cord, Wharton’s jelly, Amnion, WL Placenta Insuaadeanvas

Imaqauuﬁuﬁamaﬂugmmuﬁmﬁauﬁu MSC ﬁaﬁ'@"léfmﬂvlmns:gﬂ

ﬂmzpﬁaﬁ'ﬂﬁw miﬁﬂmqmé'ﬂwmzmaﬁmmimmaaﬂmaﬂmaqauuﬁuﬁuLenaﬁ 289 MSCs
ﬁLLUﬂVLﬁmﬂvme:@n umbilical cord, Wharton’s jelly, Amnion, 8¢ Placenta lagld flow

| A o @ oA A & A
cytometer Wuin MSCs fusnlaan 2 memﬂmwmmamaaﬂmaﬂmaqauumLsnaa‘*n:u
ANNIMIZAa MSCs fia CD90 (Thy-1), CD105 (SH2) uaz CD73 laglifinsuaadsaanvad

luanauuiamadnianudiwizea HSCs (U 3)
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Eﬂﬁ 3 mmamaaﬂmaﬂwLaqauuﬁuﬁaLeﬁaﬁ U8y MSCs ﬁaﬁ@vlﬁmnvlmm:@n umbilical cord,

Wharton'’s jelly, Amnion, L& Placenta
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3. ﬁﬂmmmmmmlumiﬂ'@umLﬂumaﬁng}ﬂ Lmaﬂmﬁu LLNS maﬁﬂizmﬂ Py MSCs ﬁLLUﬂVL@T
fﬂ’mv[flmi:gﬂ umbilical cord, Wharton’s jelly, Amnion, L8 Placenta Wisusuny Msc lwla
nIzen

U

HARUWLIN MSCs fiugnl@ann umbilical cord, Wharton’s jelly, Amnion, L8z Placenta

2

fonusansnlumaatgiamn i wadnizgn GUN 4) uaz ioadloaiu (3UN 5) Munas
o & by Aa ° oA ) A Y
ihwnmziaslwhmnfienuduwzsudsany Mscs Auanldan lunszgn

UANIMNAGINDIN M8RaT 1M anierin AM-MSCs sunsntasywamw lhduaasn

3l ﬂ‘]ﬂm:ﬂﬁ’]ilL‘ﬁﬂﬁﬂizﬁ’]ﬂﬁﬂﬂ’]dﬁ’]ugﬂi’mLLﬂzﬂ’]iLLﬁ@Naaﬂﬂlﬂx‘i neural markers @8 MAP-2, GFAP

waz B-tubulin 11l nsluszau RNA uaz lus@u

FRE]

mﬂmsﬁﬂmluﬂ%tufr Wyl umbilical cord, Wharton’s jelly, Amnion, 8 Placenta Jiran
ﬁﬁﬂmauﬁ'@maa MSCs asl ﬁwm@;waﬁwiavl,ﬂf: 1) UC-MNCs, WJ-MSCs, AM-MSCs W&z PL-MSCs
fimsusasn1saenues MSCs marker 113 CD 90, CD 73 uas CD105 2) UC-MNCs, WJ-MSCs, AM-
MSCs uaz PL-MSCs fenwsansnlunisialalafifdtnwmenais MSCs 3) UC-MNCs, WJ-
MSCs, AM-MSCs uaz PL-MSCs dianumansnlumaasgiannldidu wadnizgn wadludu uaz
wraalsran lelrwdeiny MSC ﬁl,mﬂvlﬁmﬂvl,mm:gn 9aUldd1  UC-MNCs, WJ-MSCs, AM-
MSCs uaz PL-MSCs aenandqmaud@lnaifsaiy MSC °7'iLmﬂ"l,@i"anﬂ"hjm:@ﬂLLazmﬁ]xmmm
ﬁﬁmﬂszqﬂ@ﬂﬂummﬁﬁmﬁawmmu MSC ﬁLLUﬂ"l@Tﬁnﬂ"mez@ﬂ luauwaa
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37 4 anwaanInlumaaigWamnaes MSCs fuanldan lanszgn umbilical cord, Wharton's
jelly, Amnion, uaz Placenta liwisasnazan (A, C, E, G, I) MSCs 7ilaign induced &t OsteoDiff
medium WazdaNa28 Alkaline phosphatase (B, D, F, H, J) BM-MSCs 7le3UNT induced ¢y

OsteoDiff medium Waztiane28 Alkaline phosphatase
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gﬂﬁ 5 anumaNInlnMISyNauwIvad MSCs Auanldan "lmﬂ‘:zgm umbilical cord, Wharton’s
jelly, Amnion, uaz Placenta liiluimadluiin (A, C, E, G, 1) MSCs f1laign induced ¢t AdipoDiff
medium uazfaxsag Oil red-O (B, D, F, H, J) BM-MSCs 711#50n7 induced #28 AdipoDiff medium

wazdanalg Oil red-O
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gﬂﬁ' 6 anumanInlunaEsyRawIves MSCs Auen’ldann Amnion uaz Tunszgn Thiduiaad
1328 (A, C) MSCs ‘ﬁvlzjg]ﬂ induced @28 Neural differentiation medium (B, D) MSCs ﬁvl,&igﬂ
induced ¢18 Neural differentiation medium hiin1suaadaanvad neural marker MAP-2 (F, J) MSCs
‘ﬁvléjg}ﬂ induced @18 Neural differentiation medium lafinmsugasaanued neural marker B-Tubulin
Il (E, 1) MSCs ‘?'i;um induced @28 Neural differentiation medium flmsl,ﬂﬁyuuﬂmgﬂs’wﬂmmﬁﬁﬁ
sUivedoadlszam (G, K) MSCs ﬁgn induced @28 Neural differentiation medium 3013
LEAIDBNVY neural marker MAP-2 (H, L) MSCs ﬁlg}ﬂ induced @28 Neural differentiation medium &

NTLRAIaaNVDd neural marker B-Tubulin 1l

17



35

-

25
control

» MAP-2
o ® beta-tubulin 1l
il Bl m GFAP
0 lc e e

BM-MSCs AM-MSCs

Relative gene expression
~N

b

w

Eﬂﬁ 7 Quantitative real-time PCR @333WUNILLEAIaNVAJ neural specific mMRNA, MAP-2, B-
tubulin 1l and GFAP Tu BM-MSCs wazAM-MSCs ‘ﬁlgﬂ induced @28 Neural differentiation medium

bJIa 3 30
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Control trial of STEM Cell Transfusion in Amyotrophic Lateral Sclerosis

(STEM-ALS)

Aim: To study the efficacy and safety of stem cell transfusion via cerebral angiogram in patients
with ALS

Study design: Randomized, double blinded, controlled trial

Method: ALS patients attended the neurology clinic at Siriraj Hospital were enrolled from August
2007 — April 2009 according to the inclusion and exclusion criteria. The patients then were
randomized and assigned to the stem cell transfusion group and placebo group at a ratio of 2:1.
Bone marrow was harvested from both iliac crests in the operating room and stem cells were
extracted from the specimen. 20 ml of extracted stem cells were then infused via angiogram at an
affected segment of spinal cord (anterior spinal artery) and/ or brain stem (vertebral artery). An
equal volume of patient’s plasma was infused in the placebo group.

All enrolled patients were assessed by examiners at baseline, 2,4,8 and 12 months after
stem cell transfusion. Assessment included the maximal voluntary isometric contraction (MVIC) of
different muscle groups, % predicted force vital capacity, and ALS Functional Rating Scale-Revised
(ALSFRS-R) scores for each visit. Patients were also monitored for possible adverse events
during all visits.

Results: Total of 25 ALS patients were included in the study. 17 patients were randomized to
receive stem cell transfusion and 8 patients were randomized to receive placebo as a control
group. Only 8 (47.1%) and 2 (25%) subjects completed all assessments according to the protocol
at 12-month follow-up visit in SCT group and placebo group, respectively. However, 11 (64.7%)
and 6 (75%) subjects were able to complete the ALSFRS at 12-month follow up visit (interviewed
via the telephone).

At 12 months, arm megascore as well as leg megascore, grip megascore, % predicted
FVC, and ALSFRS-R declined at the non-significantly different rates. There was also no difference
in days to survival end and the all-cause mortality between the two groups. No difference in
prevalence of adverse effects was observed between the treatment group and the control group.

Although this study has failed to demonstrate any beneficial effects of stem cell transfusion
for treatment of patients with ALS, the study might provide another method of stem cell delivery to

the target sites for further trials of stem cells in ALS patients.

20



= a a ¢ vV ) a U -~ a Qs Qs
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1 6 o s { . .
w gilalsaradilszan ludunasidas (amyotrophic lateral sclerosis)

(% 6 dl = Aa A [ = 6 v o a U A
Janilszasd :  adnnUTEANTMWLAzANURaaNLaINTAALTRaauRL AN luraaaLRa
vinmlsdundslufiholsamadzamlasunduion
A5ns@NE : LUNSANEILUY randomized double blinded, controlled trial I@Uﬁ@ﬂiﬂd%ﬂ’;ﬂiﬂ
ALS AN UNIITAENNLTINEIUIAATIIT 331319 1 NWeN8% 2550 D19 1 LB 2552
pjﬂ"sﬂﬁmmmL°1]”’1mm%mﬁ%’ngmﬁwLm'amjuLﬁfluﬂajwgﬂ"ﬂ'sﬂﬁ‘l@'ﬁ'ﬂﬂﬁa@lfnaa’ﬁuﬁnﬁ@
' = ~ AN ve a €Y o A @
LLa:nQmﬂmumyuwvl,wvl,mummmsﬁaa@un’]Lmﬂ,uamﬂ 2:1
o VR ) = €Y o A a = = ¢ & A
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A o o A o o A A a g a o '
ﬂmmmmzmﬂvb’um:gnm']mmaamaawvlmaumo WIANaaaLaaaN MR UIUSII I UENDIHN
71149 cerebral angiogram ﬁ’au;&”ﬂ’mmjumuqu 1eTuMIEana RIS DL YINNWLTIN cerebral
angiogram Qﬂ’;ﬂﬁaaadﬂéjw"L@T%'umimaaﬂi:LﬁuI@ULLW‘HﬁmmﬂszmwﬁﬂmlﬁaLﬂTﬂiwmsﬁﬂm
A A o [y a €Y o A ' & A = o
WRsA 2, 4, 8 LAY 12 LHAWRAIINN LATUNIRALTA ARG lasudazaTivadIn1Tdsztiin Inmaaan
maximal voluntary isometric contraction (MVIC) madﬂﬁﬁmﬁamimi’m %, % predicted force vital
capacity, 8% ALS Functional Rating Scale-Revised (ALSFRS-R) LRAINIAANNATIILAL
INNNIINE
v o = o & L& R '
NANISANMA : vLGW]’]ﬂ’]iﬂﬂH’]luﬁdﬂ’mﬂdﬁiJ@ 25 8 I@mmuﬂuﬂquﬂﬂm 17 318 UAZNEY LA
8 1¢ LaFugamIansnf 12 1@aw Udihe 11 118(64.7%)nndufAn® Uz 6 M8(75%)
NNNFUAILANN amnIndaautiziiin ALSFRS-R 17 12 (daw ud gioiiss 8 118(47.1%)
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Introduction

Amyotrophic lateral sclerosis is a fatal progressive neurodegenerative disorder
characterized by selective loss of motor neurons in the motor cortex, brainstem, and spinal cord.
Median survival for this condition is normally between 3 to 5 years. The mechanisms and
processes responsible for the selective loss of motor neurons are still unknown other than in rare
cases of familial ALS, which occurs from mutations in the superoxide dismutase -1 gene that gives
rise to toxicity from intracellular aggregates due to mutant superoxide dismutase-activity(1). Many
theories of pathogenesis have been proposed - including oxidative stress, inflammation, glutamate-
mediated excitotoxicity, axonal strangulation from cytoskeletal abnormalities, loss of trophic factor
support, mitochondrial dysfunction and abnormal protein aggregation-based on studies of human
post mortem tissue, research on animal models, and in vitro work(1' 2). Clinical trials have as yet
failed to identify any truly effective therapies in ALS, with only riluzole, an inhibitor of neuronal
glutamate release, providing a modest improvement in survival“’ 3). Ongoing trials are exploring the
value of antiglutamatergic agents, including the cephalosporin antibiotic ceftriaxone, as well as
antioxidants, anti-inflammatory agents(4), mitochondrial enhancers and anti-apoptotic drugs. Gene
therapy with neurotrophic factors will soon be in clinical trialsm.

In the past few years, neuronal stems and precursors can be isolated in vitro, thus allowing
expansion and controlled differentiation of selective populations of neuronal cells(s). Since then,
research on stem cells has expanded greatly as a tool to develop potential therapies to treat
incurable neurodegenerative diseases. Stem cell transplantation has been effective in several
animal models, but the underlying restorative mechanisms are still unknown. Several mechanisms
such as cell fusion, neurotrophic factor release, endogenous stem cell proliferation, and
transdifferentiation may explain positive therapeutic results, in addition to replacement of cell Ioss(e).
In chimeric transgenic mice, Albert Clement and colleagues showed that SOD1 mutant neurons
survived longer when surrounded by a wild-type environment. Damaged mutated glial and neuronal
cells, therefore, could act in concert to provoke disease, in contrast with in mutant neurons in wild
type environment, which failed to induce motor neuron degenerationm. Preliminary stem cell
transplantation trials had already been performed in animal models(e). Infusion of human umbilical-
cord-blood mononuclear cells and bone-marrow stem cells substantially increased the lifespan of
the SOD1G93A mouse in a dose dependent manner, although no human DNA was detected in the
host tissues. Human umbilical-cord-blood cells, given intravenously to presymptomatic SOD1G93

mice, migrated preferentially towards degenerated neuronal sites, and to peripheral organs. An
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overall neuroprotective effect was suggested as the cause of the observed benefitsm. The recent
breakthroughs in stem cell research might nevertheless provide possibilities for neural implantation
and cell replacement therapy for patients with ALS(S).

All are agreed that there is pressing need for an effective treatment for ALS. Such
treatment may derive from a combination of therapeutic strategies aimed at different aspects of the
disorder, and might include drugs directed at the initial, intermediate or terminal cascade of events
leading to cell death, as well as the use of stem cells to replace dead motor neurons, or to protect
those that remain(g). Stem cell technology is at an early stage but the desperate need for a therapy
in ALS patients may legitimize clinical trials in absence of conclusive scientific evidence(s).

Based on these preclinical data, we conducted a controlled clinical trial to determine
whether stem cell transfusion restores, slows, or even stops disease progression and whether it is

a safe method that could be used in research for treatment of patients with ALS.

Methods
Patient population and study design

STEM-ALS was a pilot double-blind, parallel-group trial that enrolled patients from Siriraj
Hospital. Patients were eligible for inclusion in the study if they were at least 18 years of age, had
received a diagnosis of familial or sporadic ALS according to El Escorial World Federation of
Neurology revised criteria for the diagnosis of amyotrophic lateral sclerosis(g), were able to measure
maximal voluntary isometric contraction (MVIC) for at least 4 out of 8 arm muscle groups (bilateral
shoulders and elbows flexion and extension) (10), and must had the symptoms for less than 5 years.
A stable dose for at least 30 days of riluzole before baseline visit was allowed to continue the drug
of that dose during trial. Numbers of patients enrolled and randomly assigned to each study groups
were shown in Fig. 1. The inclusion and exclusion criteria were summarized in Table 1. The trial
protocol was approved by the institutional ethic committee at Siriraj Hospital (SIEC number
175/2550). All patients or legally authorized representatives gave written informed consent before

enroliment.

Randomization and intervention
At the screening visit, all newly-diagnosed ALS patients at Siriraj Hospital were advised
regarding the trial and explained the study design. Eligible patients were randomly assigned, in a

2:1 ratio, to receive stem cell transfusion (SCT), via spinal angiogram, or placebo. All site
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investigators, coordinators and clinical evaluators were blind to treatment assignment throughout
the study. Bone marrow harvest from both iliac crests was performed in an operating room by
trained investigational hematologist under generalized anesthesia. Stem cells from the 200 mi
aspirated bone marrow (CD-34) were extracted and used as autologous stem cell transplantation.
The extracted stem cell (20 ml) was then infused trans-angiographically via right femoral artery at
an affected segment of spinal cord (anterior spinal artery) and/or brainstem (vertebral artery) in the

intervention group. An equal volume of patient’s plasma was infused in the placebo group.

Concomitant therapies
Treatment with riluzole after stem cell or plasma had been transfused was permitted, if the
drug had been taken for at least 30 days before enrollment. However, other drugs were prohibited

if they were currently being investigated for the efficacy in the treatment for ALS.
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Figure 1. Numbers of patients, who were enrolled, randomly assigned to a study group, and

included in the per-protocol population.
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Table 1. Inclusion and Exclusion criteria
Inclusion criteria
1. Age, 18 years or older
2. Diagnosis of familial or sporadic ALS
3. Able to measure maximal voluntary isometric contraction (MVIC) for at least 4 out
of 8 arm muscle groups (bilateral shoulders and elbows flexion and extension)
4. Time of symptom onset less than 5 years before enroliment
5. A stable dose for at least 30 days of riluzole before baseline visit was allowed to
continue the drug of that dose during trial
Exclusion criteria
1. Require ventilator support
2. Taken other investigational drugs
3. Patients with physical disability from other neurological or musculoskeletal
disorders
. End-stage organ failure, evidence of malignant diseases
. Angiographic procedure was unable to be performed
. Presence of intracranial or spinal cord tumor

. Pregnancy

0 N o o b

. Unwilling to sign the informed consent

Clinical assessment

All enrolled patients were assessed by examiners, who were unaware of the treatment
assignment. Assessments were made at baseline visit, 2, 4, 8, and 12 months after stem cell
transfusion. Data on demographic information (age, sex, race), family history of ALS, concurrent
anti-glutamatergic therapy (riluzole), time since symptom onset to enroliment, time since symptom
onset to diagnosis given, affected part of body at disease onset (i.e., bulbar and limb onset) were
collected at baseline visit. All included patients must have had screening CT or MRI to exclude

silent central nervous system (CNS) tumor. Blood sample, taken for analysis of complete blood
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count, serum electrolyte, blood urea nitrogen, creatinine, and coagulogram, and chest X ray were
performed as a part of preoperative evaluation. Initial assessments included the maximal voluntary
isometric contraction (MVIC), a standardized, validated measurement of muscle strength that was
previously used in prior clinical trials in patients with ALS“O). The baseline MVIC values were
accessed from eight arm muscle groups (bilateral shoulder adduction and abduction, bilateral
elbow flexion and extension), MVIC of ten leg muscle groups (bilateral hip flexion and extension,
bilateral knee flexion and extension, bilateral ankle dorsiflexion), and MVIC of bilateral hand grip
muscles. Examiner was trained and certified in the measurement of MVIC. We tested the MVIC of
each muscle group for two times at the same visit, and chose the better raw score as the
accounting score for that visit. ALS Functional Rating Scale-Revised (ALSFRS-R), a 10-item scale,
was used to measure the patient’s functional ability in performing basic activities of daily Iivingm).
Total scores on the ALSFRS-R range from 0 to 40, with higher values reflecting more severe
functional disability. Breathing capability was measured by %predicted forced vital capacity (FVC).
In addition, the patient’s clinical condition was monitored for the first 24 hours after angiographic
procedure to observe any immediate procedural- and stem-cell-related adverse events. During the
follow-up period, MVIC, ALSFRS-R and %predicted FVC were performed at 2 months, 4 months, 8
months and 12 months after the treatment. Additional neuroimaging would be performed in case

the study neurologist suspected an occurrence of CNS tumor(12).

Outcome measures

The primary efficacy end point was the rate of decline in the arm muscle strength at month
12, as assessed by means of arm megascore, modified from arm megascore defined in other
article (13), which was an average value of MVIC of the aforementioned eight arm muscle groups.
Significant reduction in the rate of decline in muscle power was defined as a reduction of at least
30% slower in one treatment group than the other treatment group. The secondary efficacy end
point included; 1.) the rate of decline in leg muscle strength at month 12, as assessed by means of
leg megascore which was an average value of MVIC of the above ten leg muscle groups; 2.) the
rate of decline in grip muscle strength at month 12, as assessed by means of grip megascore
which was an average value of MVIC of the bilateral grip muscle; 3.) the rate of decline in
%predicted FVC at month 12; 4.) survival outcome, as defined as death rate, tracheostomy, or
permanent assisted ventilation, at month 12. Further functional end point was the rate of decline in

ALSFRS-R at month 12.
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Safety end points included overall procedural- and stem-cell-transfusion related

complications, and other serious adverse events.

Statistical analysis

The sample size was based on the expected average decline in arm megascore and
standard deviation obtained from the recently reported trials of topiramatem), creatinem) and
celecoxib (15) in ALS. Power analysis of these data showed that a cohort of 59 subjects per group
studied for 12 months would have an 80% chance of detecting a 30% decrease in the rate of
decline in arm megascore at a two-sided significance level of 0.05. In May 2009, after 25 patients
had been enrolled, we decided to stop enrolling more cases with the reason of slow rate of case
recruitment. With these small subjects, we might not have provided the efficacy difference, or a
chance to detect any side effect that occurs less frequent than 5% per annum. The ratio of 2:1,
with using computer-generated method, was chosen to enhance subject recruitment because this
design would minimize the number of patients given placebo, and also provided more safety
information on the use of SCT in patients with ALS for 12 months.

Based on the intent-to-treat principle, the data set for analysis included all randomized
subjects. Analysis of primary and secondary outcome variables used analysis for repeated
measures. For the analysis of mortality, survival curves were plotted using the method of Kaplan-
Meier and test for a treatment effect using a log-rank test. The survival analysis is adjusted for

baseline covariates using a Cox proportional hazards model.

28



Results
Enroliment and Baseline characteristics

Between August 2007 and April 2009, 25 patients with ALS were randomized to stem cell
transplantation (n = 17) or placebo (n = 8). Due to increased patients disabilities and some
patients became ventilator dependent, only 8 (47.1%) and 2 (25%) subjects completed all the
MVIC tests and had %predicted FVC performed according to the protocol at 12-month follow-up
visit in SCT group and placebo group, respectively. However, 11 (64.7%) and 6 (75%) subjects
were able to complete the ALSFRS at 12-month follow up visit (interviewed via the telephone).
Demographic data, clinical variables, and primary and secondary outcome variables at baseline
showed no statistically significant differences between the two treatment groups (Table 2).
However, the SCT group had trend to have higher arm megascore, grip megascore, and ALSFRS-

R than did the placebo group (Table 2).

Table 2: Baseline patient characteristics

Variable SCT (n=17) Placebo (n = 8) p value

Age, yr 53.1 (8.4) 55.4 (10.3) 0.581
Male gender, % 70.6 62.5 0.819
Family history of ALS, % 0 0 n/a

Years since symptom onset, yr 2.3 (1.1) 2.0 (0.8) 0.402
Years since diagnosis, yr 1.5 (0.9) 1.1 (0.7) 0.282
Limb onset, % 82.4 87.5 0.896
Weight, kg 60.5 (12.7) 51.7 (15.6) 0.196
Taking riluzole, % 41.2 25 0.529
Arm megascore 14.7 (9.0) 9.1 (5.1) 0.062
Leg megascore 57.3 (35.1) 41.7 (30.3) 0.272
Grip megascore 12.3 (8.1) 6.0 (8.4) 0.099
ALSFRS-R score 27.8 (8.2) 22.6 (5.8) 0.086
FVC % predicted 45.6 (19.7) 51.0 (15.3) 0.585

Values are mean (SD) or %
SCT = stem cell transfusion; ALSFRS-R = ALS functional rating scale - Revised;
FVC = forced vital capacity.
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Efficacy of stem cell transfusion

The per-protocol analysis showed that, at month 12, arm megascore as well as leg

megascore, grip megascore, FVC percentage predicted, and ALSFRS-R declined at the non-

significantly different rates (Table 3). There was also no difference in days to survival end, for

which was defined as number of days from the procedure date to the death, tracheostomy or

ventilator-dependent, and loss of contact date, and the all-cause mortality between the two groups

(Table 4). Interestingly, in the SCT group declined at the lower rate than the placebo in ALSFRS-R
at month 2, -0.5938 + 0.247 vs. -2.1875 £ 0.605, p = 0.036 (data not shown).

Table 3: Treatment effects

SCT Placebo Slope Percent
Outcome measure p value
(units/mo) (units/mo) difference difference
Arm megascore (SE) -0.7345 (0.141) -0.5292 (0.371) -0.2053 38.8 0.679
Leg megascore (SE) -0.4981 (0.381) -2.157 (0.819) 1.6585 76.9 0.251
Grip megascore (SE) -0.7438 (0.148) -0.633 (0.633) -0.1104 17.4 0.891
FVC %predicted (SE) -0.5525 (0.295) -1.3067 (n/a) 0.7542 57.7 n/a
ALSFRS-R (SE) -0.8409 (0.206) | -1.0139 (0.216) 0.1730 17.1 0.572
Values are shown as means (standard error)
SE = standard error; SCT = stem cell transfusion; FVC = forced vital capacity;
ALSFRS-R = ALS functional rating scale — Revised.
Table 4: Survival outcome
Stem cell transfusion Placebo
Survival outcome p value
(n=17) (n=8)
Days to the survival end* 341.6 (24.3) 350.4 (35.2) 0.729
Mortality (%) 17.6 12.5 0.764

*included death, ventilator dependent, on tracheostomy, and loss to contact

Values are shown as means (standard error)
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Adverse events

There were 8 (32%) incidences reported in both groups: a) SCT group (6 events) -
paresthesia, vertigo, hypertension, and dyspepsia; and b) placebo group (2 events) - ecchymosis,
and depression. Five of 8 subjects completed 12-month follow-up visit. The subject with
depression, which developed at 8 months after the procedure date, did not complete the MVIC and
%predicted FVC for the month-12 visit, but participated in the telephone interview for ALSFRS-R at
12 months. When compared between the groups, there was no difference in the total numbers of
reported events in each group as well as the type of adverse events (Table 5). The two subjects
with paresthesia - one below the 6th thoracic spinal level, and one in the right palm, developed the
symptom within the session of stem cell transfusion and persisted throughout the study period with
slight improvement with administration of antineuropathic medications. The two subjects with
vertigo developed transient vertigo after the session of angiographic procedure with no other
neurological deficits. Symptoms in both cases completely resolved within less than 24 hours. In
one case, the brain imaging (computerized tomography (CT) and CT angiography) was performed

and the results were within normal limits.

Table 5: Adverse events

Total occurrence SCT Placebo
Adverse event p value
(n = 25) (n=17) (n=28)
All events 8 (32) 6 (35.3) 2 (25) 0.771
Paresthesia 2 (8) 2 (11.8) 0 (0) 0.775
Vertigo 2 (8) 2 (11.8) 0 (0) 0.775
Hypertension 1(4) 1 (5.9) 0 (0) 0.889
Dyspepsia 1(4) 1 (5.9) 0 (0) 0.889
Ecchymosis 1(4) 0 (0) 1(12.5) 0.145
Depression 1(4) 0 (0) 1 (12.5) 0.145

Values are shown as number (%)

SCT = stem cell transfusion
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Discussion

Our double-blind, randomized, controlled, pilot study failed to demonstrate the beneficial
effect of stem cell transfusion on any of the disease parameters measured at one year after the
treatment in patients with pretracheostomy ALS. As far as adverse event is concerned, the
prevalence of adverse effects in the treated patients was not significantly more than the control
subjects. Therefore, although this study could not demonstrate benefits of stem cell transfusion via
spinal angiographic procedure, the study could provide another option or approach to deliver stem
cells to the target in treatment of patients with ALS.

Analyzing this negative result is still worthy and may help conduct the future research in
this area. Several theories supported a potential effect of stem cell in treating ALS such as cell
replacement, and neurotrophic factors. Data suggested microenvironment as a primary mechanism
of how stem cells might have effects in ALS(16' 17), since the surrounding glia can influence
degeneration and death of motor neuronm) and therapeutic benefit was observed by replacing
mSOD1 microglia with wild-type microglia in transgenic mSOD1 mice(18). Other than this,
neurotrophic factors productionmg) and stimulation of endogenous repair(zo) may contribute to the
effect. In human study, one small-sample, uncontrolled, pilot study on treatment with stem cell
therapy in ALS showed the slow rate of motor and functional decline after treatment with stem
cells(21)

Given the potentiality of stem cell in treating ALS as discussed above, we have conducted
our study to determine whether stem cell transfusion can restore or slow rate of decline in some of
the measurements. Negative results in our study might have been attributable to, first, the small
sample size. The calculated sample size based on the outcome measurement deterioration in

4), and Celecoxib(15) to detect the efficacy difference

previous studies of Topiramatem), Crea‘[ine(1
was at least 59 subjects. We had to stop enrolling new cases after two years due to slow
recruitment rate. The therapeutic effect was therefore undetected. Second, the life span of stem
cell in vivo might be limited. This was confirmed by the study of Keller and Snodgrass, which they
reported that hemotopoietic stem cell could function only for a period of the lifetime of a mouse(zz).
According to this result, the treatment effect might not be further observed if the effect of treatment
was primarily generated by the production of neurotrophic factor. As seen in our result that showed
the possible differential effect of stem cell demonstrated by slow rate of ALSFRS-R decline at 2
months in favor of the treatment. Third, the mean dose of total stem cell used in our study was

10.88 x 106 cells (range 0.89 x 'lO6 - 19.38 x 106 cells). This amount was lower than that of 57x106
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(range 7 x 106 - 152 x 106 cells) in the study of Mazzini et al(21), in which showed a positive result.
Finally, we did not design the study to demonstrate the type and location of migration of
differentiated cell; therefore, negative result was difficult to determine whether because of lack of
treatment efficacy, or methodological technique.

Different approaches for stem cell administration have been used in various studies
including direct intraspinalm 23), intrathecal(24), and intravenous methods(zs). Intra-arterial stem cell
transfusion has been studied in several neurological and non neurological diseases; e.g. ischemic
stroke(26), traumatic brain injury(27), peripheral arterial disease(38), and myocardial infarction(zg), with
the hope to increase cell engrafting in the pathologic tissues(25). In ALS, intravenously injected stem
cells were found in the rat’s central nervous system compared to wild-type brain representing ability
of stem cells to migrate to the Iesion(25). Moreover, in ALS, there was evidence of blood-brain
barrier disruption and vascular abnormalities, which preceded motor symptoms(so'sz). Hence, spinal
and/or cerebral (in case bulbar symptoms present) angiogram could have been selected as a
potential route of stem cell administration.

Concerning the adverse events, neurological symptoms; i.e. paresthesia (2 patients) and
central vertigo (1 patient) were noted in the stem cell transfusion group; however, the overall rate
of adverse events was not significantly difference between the two groups. In addition, these
events developed within hours after the transfusion; therefore, they might have rather been related
to the angiographic procedure, than the effect of stem cell. In Mazzeni et alm), dysesthesia was
found after intraspinal stem cell transplantation at the injected point for which the mechanism was
likely the direct complication of procedure. In another study, transient loss of sensation in lower
limbs following intrathecal stem cell injection was noted(24). However, in our cohort, the rate of
neurological complications was higher than that was reported from normal angiographic procedure.
In the study of Willinsky et al, neurological complications in 2,899 prospective cerebral
angiographic procedures were reported 1.3 %(33) compared to 12% (3/25 events) in our study. The
possibility was that the stem cell extract might have high viscosity, thus increasing the risk of
transient CNS ischemia.

To our knowledge, the present study was the first study trying to address the efficiency of
stem cell therapy administered via spinal and/or cerebral angiogram. Even though the result
showed no benefit, no serious adverse event was observed. Therefore, this study could provide

another approach to deliver stem cells to the target in treatment of ALS patients. Larger sample
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size, perhaps multiple, and higher doses of stem cell transfusion along with determination of stem

cell migration by using MRI tagging(34) may be helpful in the future research.
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